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Abstract 
An attempt has been made to understand the effect of moisture content on the critical mass flux(CMF) and ignition 
time. It is a key component of understanding fire spread on para rubber plantation in the dry season. The critical mass 
flux was measured under a variety of external radiant heat flux and moisture content of para rubber leaf litter. From 
the experiment, the critical mass flux for piloted ignition increased with moisture content. It was found that the 
critical mass flux was increased 41.36% from moisture content of 0 to 10% and 72.20 % from moisture content of 0 
to 25 %. And it was found that the ignition time for ignition increased by 38.46 % and 68.45 % for the moisture 
content increased from 0 – 10 % and 0 – 25 %, respectively. The same trend was also found for all moisture contents. 
Therefore the ignition times decreased as heat flux increased. 
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1. INTRODUCTION 
Para rubber plantation is the 2nd economically important crops that could make capita income for 
Thailand. Para rubber plantation will shed leaves during the dry season (see fig.1). The accumulation of 
Para rubber litter fuel with the hot weather and windy causes a fire spread in the para rubber plantation 
every year.  
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Ignition of Para rubber litter can be divided into two types; piloted ignition and spontaneous 
ignition. Spontaneous ignition occurs without external pilot source and is rare because it requires very 
high radiation source to occur. Piloted ignition is the most prevalent in wild land fires as it occurs by 
ignition source at the lower temperature and is the mechanism responsible for fire growth [3]. 
Moisture content is one of the most important factors affecting the ignition behavior i.e. (1) it 
changes the thermal properties of the material (density, thermal conductivity, and specific heat increases), 
(2) it transfers heat by molecular diffusion, and (3) its evaporation is strongly endothermic [1]. The 
ignition temperature increases by about 2 ºC for each of 1 % moisture content increases [2]. Critical mass 
flux and ignition time of fuel increase when moisture content increases [5]. From previous researches, it 
can be seen that the moisture content of the fuel affects the critical mass flux and ignition time. So, the 
intent of this work is to study the effects of the moisture content on critical mass flux and ignition time. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Para rubber leaf litter. 
 
2. Experimental Design 
 
An apparatus was built to measure the ignition time and critical mass flux for sustained flaming 
ignition of porous media under various heat flux. It consists of pilot ignitor, four external infrared heaters, 
sample holder, insulation, and camera (see Fig 2.). 
The pilot ignitor consists of a liquid petroleum gas and small burner. The visible region of flame was 
adjusted to approximately 1 cm in length, with a diameter 0.5 cm. The pilot flame with temperature of 
950 Ԩ was located 1 cm above the center of sample holder.  
The 0.6 mm thick lightweight stainless steel sample holder has a dimension of 10 cm radius and 5 
cm depth. It was placed on top of the mass balance with upper surface of the sample flush. The distance 
between the top of the sample and the base of the heater was 8 cm.  
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Each infrared heater contains six tungsten filament tubular Quartz lamp in a compact reflector body 
that would be capable of providing heat fluxes to the sample in the range of 0 – 60 kW/m2.  
Initially, the insulation was placed between the sample area and heater to preheat the heater. Then, 
the insulation was rapidly removed and let the sample exposed to heat flux which defined as time zero.  
The time to ignition is recorded visually as the time from the initiation of heating until a flame is 
sustained over the surface of the sample. Sustained ignition means the sample where after-flame time is 
4 s or more [7]. No external air flow was imposed during these measurements.   
Experiments were performed with irradiance of 18 – 30 kW/m2 with fuel moisture content of 0 - 
25% dry basis. All tests were repeated three times to ensure of the experimental variability. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Piloted Ignition Apparatus. 
3. Results and discussion 
 
Fig. 3 and 4 show the critical mass flux and ignition time for all tests. They were performed with a 
heat flux of 18 - 30 kW/m2 and moisture content of 0 – 25 %. For each sample, the incident heat flux was 
decreased from 30 kW/m2 to 18 kW/m2 by steps of 3 kW/m2.The value of the critical mass flux for 
piloted ignition was then determined by the value of the mass loss rate at the moment of ignition. The 
moment of ignition was observed from visual inspection of the video images. 
 
3.1 Correlation of critical mass flux with moisture content 
 
For 30 kW/m2 heat flux, it was found that critical mass flux were 0.70, 0.97 and 1.27 2g/s-m for the 
moisture content of 0, 10 and 25 %, respectively, as shown in the Fig.3. The critical mass flux increased 
when the heat flux increased for all moisture contents. The critical mass flux dramatically increased 
because the moisture content in fuel evaporated rapidly. So, the high moisture content required more heat 
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flux. Therefore, it is clear that the critical mass flux increased with incident heat flux. This agrees well 
with the trend found by Rich et al. (2007) [6].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Correlation of critical mass flux with moisture content. 
 
3.2 Correlation of ignition time with moisture content  
 
For 30 kW/m2 heat flux, it was found that ignition time were 30, 39 and 52 second for the moisture 
content of 0, 10 and 25 %, respectively, as shown in the Fig.3. The ignition time increased when the 
moisture contents increased because the moisture content required heat to evaporate so it delays the 
ignition time. It was found that the moisture content was evaporated to the peak rate when the sample 
initially to expose to heat flux and then began to decrease just to ignition. At this point, this agrees well 
with S.McAllister et al. (2012) [4] that the surfaces of sample are at a sufficient temperature for pyrolysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Correlation of ignition time with moisture content. 
4. SUMMARY 
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It was found that the critical mass flux (CMF) for ignition increased by 41.36 % and 72.20 % for the 
moisture content increased from 0 – 10 % and 0 – 25 %, respectively. And it was found that the ignition 
time for ignition increased by 38.46 % and 68.45 % for the moisture content increased from 0 – 10 % and 
0 – 25 %, respectively. So the critical mass flux for ignition increased when the heat flux or moisture 
content increased. It was also found that ignition time increased when moisture content increased as well. 
Additional future work will examine the variation of the CMF for ignition with airflow velocity, species 
and live forest fuels.  
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